Giant flying squirrels (Petaurista) are nocturnal arboreal folivores that reside in tree cavities during the daytime (Muul and Lim, 1978; Nowak and Paradiso, 1983). They are widely distributed in eastern and southeastern Asia (Honacki et al., 1982) . Five species are recognized (Nowak and Paradiso, 1983); white-cheeked giant flying squirrels (P. leucogenys), giant flying squirrels (P. magnificus), spotted giant flying squirrels (P. elegans), red-giant flying squirrels (P. petaurista), and white-faced giant flying squirrels (P. alborufus).
Little is known of the reproductive biology of Petaurista sp. (Lin et al., 1985) , except for some scattered reports on litter sizes (Kuroda, 1940; Medway, 1978; Mitchell, 1979; Muul and Lim, 1978; Udagawa, 1954) . P. petaurista ranges from the Himalayas across southern China to Taiwan, southward to Sri Lanka, and eastward into Borneo (Askins, 1977). Distributed from 300 to 2,200 m in mountainous areas in Taiwan, P. petaurista is most abundant in the lower elevations of hardwood forests and recently has adapted to secondary conifer plantations, where it has become a pest species (Lee et al., 1986; Lin and Lee, 1986).
In an effort to address some forest-management issues, we initiated a series of ecological studies on giant flying squirrels. We found that P. petaurista was able to explore secondary conifer plantations and use this habitat as feeding and resting areas (Lee et al., 1986), and we studied bark-stripping behavior of P. petaurista on Japanese fir (Cryptomeriajaponica-Lin and Lee, 1986). P. petaurista is most active before midnight and home ranges of adult females in conifer plantations was estimated to be 3.2 ha (Lin et al., 1988 Each squirrel was weighed on a custom-built spring scale accurate to 0.1 g. The lengths of body, tail, ear, hind foot, and styliform cartilage were measured to the nearest 1 mm. Paired testes and epididymides were weighed to the nearest 10 mg. Testes were preserved in Bouin solution, later transferred to 70% alcohol, and serially sectioned at 6-8 Am. Sections taken from the middle of testes were used to measure diameters of seminiferous tubules. Two diameters from each tubule were measured by an ocular micrometer. An average of 10 measurements for each animal was taken as the diameter of the seminiferous tubule of the squirrel, as recommended by Pudney (1976). The presence of enlarged nipples was recorded for females. Both ovaries and uteri were removed from the body and weighed to the nearest 10 mg. The number of embryos and placental scars were recorded. Crown-rump lengths of embryos were measured to the nearest 0.1 mm with a vernier caliper, and embryos were cleaned and weighed to the nearest 10 mg. Ovaries from individuals that bore embryos were fixed in 70% alcohol and serially sectioned at 6-8 tm, stained with haematoxylin and eosin, and examined for corpora lutea (Nixon and McClain, 1975 
RESULTS
Sex ratio and body characteristics. -We collected 216 adults (116 males, 100 females) and 65 immatures (23 males, 42 females). With the exception of September, when only two P. petaurista were collected, monthly samples ranged from 15 to 36. Sex ratio of adult squirrels did not deviate from 1:1 ratio (P > 0.05). For immature squirrels, our sample was too small to detect the actual sex ratio.
Average body mass of adult females was significantly greater than that of adult males (1,334 and 1,260 g, P < 0.001). Except for the uncertainty in September samples, monthly average body mass of adult females were greater than those of males in every month but December (Fig. 1) . The differences were greater in January-February and June-August, with significant dif- ferences in January and July (P < 0.05) after excluding pregnant females from the analysis. Adult males weighed 989-1,569 g, whereas females varied from 1,005 to 1,597 g. Other morphological characters, i.e., lengths of body (X = 378 mm), tail (X = 459 mm), ear (1 = 73 mm), hind foot (X = 47 mm), and styliform cartilage (I = 88 mm), were not significantly different between sexes (P > 0.05). There was considerable overlap between immature and adult squirrels in these measurements.
Reproductive cycle of males. -The reproductive development of males showed a seasonal trend (Table 1) . Of the 116 adult males, 65 were classified as functional, 48 degenerating, and 3 redeveloping. Functional individuals were found throughout the year, except February (Table 1) . Peak abundances of sperm in testes occurred in March-June and October-November, when males were most sexually active. Active spermatogenesis was observed and sperm filled the seminiferous tubules. Immediately following the functional period, some squirrels entered sexual quiescence. Squirrels with degenerating testes were found from December to February and from June to August. Three developmental stages can be distinguished. Early degenerating testes were found in these months. The middle-degenerating stage followed and occurred in January, February, July, and August. The latedegenerating stage occurred in February, March, and August. The sexual-redeveloping period was short for males as only three individuals were found in this condition in February and August, following the degenerating periods. Testes underwent involution in February and August and recovered from this stage rapidly.
Development of male reproductive organs supported the previous observations. Mean weights of testes and epididymides and diameter of seminiferous tubules showed two major peaks during the year (Fig. 2) . Reproductive activity was maximum during March-June and October-November.
Reproductive pattern offemales. -Of 100 adult females, 78 showed previous breeding experience. About 52% of adult females had only one placental scar, while 22 and 26% had no placental scars and two or more placental scars, respectively. These groups indicate female age structure in the population. The recruitment rate for the population of females was ca. 22%. Like males, females exhibited two distinct breeding seasons per year. Paired weights of ovaries showed a bimodal pattern with peaks occurring in January and August (Fig. 3) . During the breeding seasons, only 49% of adult females became pregnant and were found only in winter (December-January) and summer (June-August). Except in February, when the rate was 16.7%, pregnancy rates were 50-57% for the other months. Based on the occurrence of pregnancy and the development of ovaries, November-January and May-July are the two most sexually active periods for females. The winter breeding season began in late November-early December, and ended in late February, whereas the summer breeding season ran from late May-early June to the end of August-early September. Pregnant females found in December and June had small embryos, whereas those found in later breeding seasons had larger embryos. Based on sizes of embryos, most young were born in January-February and 8- July-August. Young also were born in September because of the high pregnancy rate and early development of embryos in pregnant females found in August.
Pregnant females did not show greater body dimensions (i.e., body mass, and length of body, tail, hind foot, ear, and styliform cartilage) than the non-breeders (P > 0.05). No significant differences in body measurements between breeding females in winter and summer were found (P > 0.05).
Only one squirrel had two embryos whereas the others had one, resulting in an average of 1.04 young/litter. Litter sizes were not significantly different between seasons and between first-time and experienced breeders (P > 0.05).
The number of corpora lutea varied from one to two, with a mean (?+SD) of 1.13 ? 0.34. Of the 24 pregnant females, only two of 27 ova were unsuccessfully implanted. Mortality of embryos after implantation was low; no dead fetuses were observed. Thus, the total prenatal mortality was ca. 7.4%.
Based on pregnancy period and when young were observed in this study and other nearby sites (Lee et al., 1986) , we estimated the gestation period for Petaurista to be at least 45 days. The birth weight for P. petaurista was >56.3 g, the largest embryo obtained in this study.
DIscussIoN
The breeding patterns of Petauristinae vary among species and geographic location. In subtropical Taiwan, P. petaurista is a seasonal breeder with two breeding seasons (winter and summer) per year. In temperate areas such as Japan, P. leucogenys breeds from spring to autumn (Udagawa, 1954 (1968) found that change in photoperiod was the major contributor for triggering the breeding of G. volans. Food is another possible factor in controlling the timing of reproduction in P. petaurista, because it relies heavily on vegetation that contains many secondary plant compounds (Jameson, 1988) . Further studies on these aspects are necessary.
The increasing differences in body weights between adult male and female squirrels during periods of pregnancy probably are a result of seasonal breeding conditions. Sonenshine et al. (1979) reported that body weights of female G. volans increased at the time of the breeding season and male body weights declined during periods of sexual activity. Our results on P. petaurista from Taiwan agree with findings for adult sciurids in temperate climates showing a seasonal cycle of body mass; however, for P. petau-rista the minimum and maximum weights occur in winter and spring, respectively, in contrast to late winter and autumn as seen for fox squirrels (S. niger-Nixon et al., 1991).
